Introduction
Nonvalvular atrial fibrillation (NVAF) is the most common source of cardiac embolism; it is associated with a fivefold increased risk of stroke and accounts for nearly 25% of stroke occurring in patients older than 80 years [1, 2] . Atrial fibrillation (AF) has a prevalence of 0.4-0.7% in the general population [3] ; the prevalence increases progressively with age, being 4% over 60 years [4, 5] and 15% in people older than 75 years [6, 7] . The risk of stroke in patients with NVAF increases in the presence of hypertension or left ventricular dysfunction, prior transient ischemic attacks or stroke, mitral annular calcifications and left atrial enlargement (Stroke Prevention in Atrial Fibrillation Investigators I and II). The risk for cardioembolic infarction is estimated at 4.3% in patients with no other risk factors, and it increases to 8.5% if hypertension and hyperglycemia coexist [8] . The risk of early recurrent ischemic stroke, defined as a new embolic stroke occurring within the first 2 weeks, is higher in patients with NVAF, and the rate varies between 0.1 and 1.3% per day [9, 10] . In patients with NVAF, it has been shown that the risk of stroke is significantly reduced by warfarin and to a lesser extent by aspirin in both primary and secondary stroke prevention [11, 12] . In secondary prevention, several guidelines recommend long-term oral anticoagulation in patients with AF and recent stroke or transient ischemic attack grade IA (target international normalized ratio, 2.5; range 2-3) [13, 14] . The role of immediate anticoagulation to reduce early recurrence and to influence functional outcome in subgroups of acute ischemic stroke and the risk-benefit ratio for acute cardioembolic stroke remain controversial. However, heparin is still used in routine clinical practice outside clinical trials. In a survey on US and Canadian neurologists, it was detected that the vast majority of clinicians used intravenous heparin for acute ischemic stroke in patients with AF (USA: 88%; Canada: 84%) [15] .
The aim of this review is to clarify the efficacy of anticoagulants in early stroke management in patients with cardioembolic stroke considering the results of clinical trials.
Data from Clinical Trials on Prevention of Early Recurrence of Stroke in Patients with AF
The role of anticoagulant therapy to prevent early recurrence of stroke in patients with AF has been studied in several randomized trials ( tables 1 and 2 ).
The Heparin in Acute Embolic Stroke Trial was a multicenter, randomized, double-blind and double-dummy study of low-molecular-weight heparin (LMWH; dalteparin 100 IU/kg s.c. twice a day) versus aspirin (160 mg/ day) in patients with AF and within 30 h from stroke onset. In this trial 449 patients were included with the primary aim to test whether treatment with LMWH was superior to aspirin for the prevention of recurrent stroke during the first 14 days. The results demonstrated no significant benefit of dalteparin: the frequency of early recurrent ischemic stroke was 8.5% in dalteparin-treated patients versus 7.5% in patients given aspirin. In patients allocated to dalteparin, there was no significantly higher prevalence of progression of symptoms within the first 48 h and more death after 14 days; there was a significantly higher frequency of extracerebral hemorrhages. There was no difference in outcome at 3 months in the two groups [20] . A recent post hoc subgroup analysis was conducted on 431 patients with acute ischemic stroke and AF included in the Heparin in Acute Embolic Stroke Trial, using clinical, hemostatic (D-dimer, prothrombin fragments 1 and 2, soluble fibrin monomer) and inflammatory (C-reactive protein) variables collected on admission. However, the study failed to identify any patient subgroup that did better with early treatment with LMWH compared to aspirin, and it did not support the use of LMWH in any subgroup with acute ischemic stroke and AF [24] .
The International Stroke Trial studied the occurrence of major clinical events within 14 days among a total number of 19,435 patients with acute ischemic stroke, 3,169 of whom (17%) had AF. This study examined the effects of treatment with subcutaneous unfractionated heparin (UFH) started within 48 h and continued until 14 days after stroke onset. Half of the patients were allocated to UFH (5,000 or 12,500 IU twice a day) and half to avoid heparin; in each of these groups, half of the patients were randomly assigned to aspirin 300 mg/day. Within 14 days in the heparin-treated group there were no significant differences in deaths compared with the no-heparin group, but there were significant differences in hemorrhagic stroke and extracranial bleeding. Among patients with AF, 784 were allocated to UFH 12,500 IU s.c. b.i.d., 773 to UFH 5,000 IU s.c. b.i.d., 1,612 to no heparin. In patients with ischemic stroke and AF there was a rate of recurrent ischemic stroke of 2.8% in heparin-treated patients compared with 4.9% of the no-heparin group (p ! 0.01), and this means that there were 21 events prevented per 1,000 patients treated but this was offset by 16 more hemorrhagic strokes [16] . Heparin significantly reduced the risk of recurrence after 2 weeks in AF patients but the increased risk of bleeding (2.1 vs. 0.4%) neutralized the potential benefit.
In the Trial of ORG 10172 in Acute Stroke Treatment, a low-molecular-weight heparinoid, ORG 10172 (danaparoid sodium), was administered by an intravenous bolus dose within 24 h from onset of stroke symptoms, fol- lowed by a continuous infusion for 7 days, adjusting the rate of infusion to the anti-factor-Xa activity. The objective of this study was to test outcome at 7 days and 3 months after stroke [21] . The data suggest that at 7 days there was a favorable outcome in patients treated with LWMH compared to the control group, with rates of favorable outcome of 33.9% in the patients receiving ORG 10172 and 27.8% in the placebo group; at 3 months after stroke the rate of favorable outcome became 48% in each group, and only in the subgroup of stroke due to largeartery disease was there a significant difference in better outcome among patients who received ORG 10172 compared to placebo-treated patients. In this study the severity of stroke at baseline strongly predicted a worse outcome at 3 months, and it was not influenced by the 2 treatment groups. Bleeding was more frequent and severe in the group receiving LMWH, and at 3 months the rate of recurrence of ischemic strokes, systemic embolism, myocardial infarction, deep-vein thrombosis and pulmonary embolism was higher in the placebo group. However, in the patients with cardioembolic stroke, the risk of early recurrence of ischemic events was not different from the patients with stroke due to other causes. The trial suggests that early administration of antithrombotic drugs in patients with cardioembolic stroke has a limited impact on lowering the risk of recurrence compared to long-term anticoagulation, but at the same time it suggests an efficacy in improving the 3-month outcome from early treatment with ORG 10172 in patients with largeartery atherosclerosis. Finally, the TOAST confirms that early anticoagulation of patients with severe strokes increases the risk of symptomatic intracranial bleeding which is correlated with the patient's age and level of anticoagulation.
In the Tinzaparin in Acute Ischemic Stroke study, the administration of low (100 anti-Xa U/kg) and high (175 anti-Xa U/kg) tinzaparin doses was compared with aspirin 300 mg in a randomized blinded trial performed within 48 h. The reported results showed a proportional increase in extracranial and intracranial hemorrhage in the groups receiving high and low doses of anticoagulants compared with aspirin [18] .
The Fraxiparine in Ischemic Stroke Study revealed that high and low doses of nadroparin were not more effective than placebo. Moreover, in the Cerebral Embolism Study Group, 10% of patients on heparin (2 out of 21) presented a symptomatic cerebral hemorrhage compared with those not receiving heparin [17, 22] . Finally, the trials did not show an improved outcome and a reduction in death with the administration of anticoagulants.
All of these trials mentioned above do not support the early use of heparin but the time window from stroke onset to treatment was 12-48 h. The benefit from an earlier heparin use in acute stroke management has been reported in a study by Chamorro et al. [19] in 231 patients with stroke and NVAF treated with intravenous or subcutaneous heparin, with a delay of the initiation of therapy of less than 6 h from stroke onset in 74 patients and between 6 and 48 h in 157 patients. The results showed that early treatment with heparin ( ! 6 h) was an independent factor for a better functional outcome [19] .
A randomized trial performed by Camerlingo et al. [23] , using heparin within the first 3 h after the onset of ischemic stroke, suggests that intravenous heparin could be helpful in the early treatment of acute nonlacunar stroke, even with an increased frequency of intracranial symptomatic brain hemorrhages and more major extracerebral bleeding. In this study, patients with a total or a partial clinical syndrome, according to Bamford's classification [25] , were assigned to receive for 5 days a continuous infusion of 24,000 IU of intravenous heparin or an equal quantity of saline; after 5 days both groups of patients were given 100 mg/day of aspirin or an oral anticoagulant (with a target international normalized ratio between 2.0 and 3.0) in patients with cardioembolic stroke. The total number of patients included in the study was 418, and AF was found in 173 patients (41.3%): the results of this study showed that patients allocated to heparin were more likely to be independent and alive at 90 days, with an absolute risk reduction of about 10%, suggesting that heparin could have an efficacy in acute ischemic nonlacunar stroke -as long as the treatment is started within a short time interval after the stroke onset. After 3-6 months of follow-up, 58% of patients with AF given heparin were dead or disabled compared with 74% of patients allocated to the placebo group with an increased risk of cerebral hemorrhage in the anticoagulant group (10.6 vs. 2.4%). This study, according to the results of Chamorro et al. [19] , supports the efficacy of starting anticoagulation treatment within 3-6 h from stroke onset.
A recent meta-analysis, including the randomized studies described above, found that anticoagulants were associated with nonsignificant reductions in recurrent stroke within 2 weeks (3.2 vs. 5.0%) as well as with significant increases in symptomatic intracranial bleeding (2.5 vs. 0.8%; tables 3 and 4 ) [26] . This analysis suggests that death and disability after 6 months are not reduced by early anticoagulant treatment in patients with acute ischemic stroke due to cardioembolism. 
Discussion
Large clinical trials demonstrate that there is no evidence supporting the administration of anticoagulants in patients with acute ischemic stroke within 48 h from stroke onset, considering the increased risk of bleeding. However, as reported in recent surveys, the use of anticoagulants in early ischemic stroke in clinical practice is not uncommon.
Caplan [27] sustains that heparin should not be indiscriminately given in acute ischemic stroke because of lack of evidence; even so he usually administers heparin in selected patients such as those with cardioembolic stroke. However, Chamorro [28] and Sandercock [29] assert that current data from randomized trials are not sufficient enough to support the use of UFH in any subtype of acute ischemic stroke. Other authors use immediate anticoagulation in exceptional circumstances such as recurrent embolism or echocardiographic evidence of left atrial or ventricular thrombus [30] . It is to be noted here that none of the trials used a monitoring anticoagulation protocol. The question here is whether there is bioequivalence between different anticoagulation agents and modes of administration.
Emergency anticoagulation could have a role in the prevention of deep-vein thrombosis and pulmonary embolism, considering that one third of bedridden patients who have a paralysed lower limb might develop a deepvein thrombosis and secondary pulmonary embolism. This is a major cause of morbidity and mortality after ischemic stroke [31, 32] . In the International Stroke Trial, UHF-treated patients had fewer pulmonary emboli recorded within 14 days (0.5 vs. 0.8%; p = 0.02) but at 6 months the rate of deaths or dependent patients was identical. In a meta-analysis, the rates of pulmonary embolism in patients with cardioembolic stroke were similar in patients treated either with anticoagulants or aspirin [26] .
In clinical trials on thrombolytic therapy for acute ischemic stroke, approximately 20-30% of patients had AF [33, 34] . Thrombolysis given within 3 h of stroke onset appears to offer a benefit for patients with AF with acute ischemic stroke. The option of treating with thrombolysis patients with acute ischemic stroke and AF is limited by a large volume of brain infarcts, old age and the likelihood of symptomatic brain hemorrhage. However, some studies, after adjustment for extent and severity of ischemia, have demonstrated that AF is not associated with secondary hemorrhagic transformation after thrombolysis [35] . Further clinical trials in the 3-hour time window need to compare anticoagulant treatment with thrombolysis.
Conclusions
Early aspirin followed by vitamin K antagonists for long-term secondary prevention is reasonable in patients with acute ischemic stroke of cardioembolic origin to prevent early recurrence or to improve functional outcome. The results of recent studies showing an advantage of the very early administration of heparin ( ! 3 h from stroke onset) and data regarding the property of heparin on the modulation of inflammatory pathways encourage clinicians to perform further trials on the efficacy of early administration of heparin in acute cardioembolic stroke.
